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Comparison of Regular Transmittance
Scales of Four National
Standardizing Laboratories

A comparison of the regular spectral transmittance scales
of National Institute of Standards and Technology (USA),
'nstitut National de Metrologie (France), National Re-
vearch Council (Canada), and All-Union Research Insti-
‘ute for Optical and Physical Measurements (CIS) was
sccomplished using neutral glass filters with transmit-
:ances ranging from approximately 0.92 to 0.001. Storing
the filters for almost four years produced no conclusive
evidence of improvement over a previous interchange be-
tween NIST and three different national standardizing
laboratories when the filters were stored for only 30 days.
The agreement ranges from 0.01% to 0.3% depending on
the laboratory and the filter used. The uncertainties
(99.7% estimated confidence level) are generally greater
than the differences between NIST and the individual
laboratories. The sample-induced error contributed 20%
or more of the total uncertainty except for a few cases
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as found in the previous comparison. This interchange,
similar to the previous one, is part of an ongoing effort -
to obtain international standardization. © 1993 by John
Wiley & Sons, Inc. '

INTRODUCTION

A previous comparison of regular transmittance measure-
ments between the standardizing laboratories of the
United States, Germany, the United Kingdom, and Hun-
gary has been published.! That comparison will be referred
to as Comparison 1. The present comparison with three
different laboratories and NIST is reported in a parallel

‘manner with Comparison I so that the results can be easily

evaluated. The interchange described in this article is re-
ferred to as Comparison II. One aspect of Comparison I
was the large contribution of sample-induced uncertain-
ties. The NIST filters used for Comparison 1 were first
measured about 30.days after cleaning. No further clean-

ing was done before subsequent measurements .except

for a light dusting with a clean camel-hair brush. For
Comparison 11, the filters had been stored for almost four
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years. If the bulk absorbing samples were subject to a
surface film, it was anticipated that the longer aging period
would reduce the sample contribution to the uncertainty.
This was not the case, as discussed below. Comparisons
1 and II show that reference instruments with systematic
uncertainties which are small either by correction or in-
strument design, and with random uncertainties which are
also small, can produce excellent results. The results show
that agreement between laboratories is better than the
small total uncertainty. This is in contrast to the results
of a transmittance Measurement Assurance Program?
(MAP) in which similar comparisons were made ‘with in-
dustrial laboratories with disagreement often much larger
than the total measurement uncertainty.

ORGANIZATION OF COMPARISON

A comparison of regular transmittance between Institut
National de Metrologie (INM), National Research Council
(NRC), All-Union Research Institute for Optical and
Physical Measurements (VNIIOFI), and National Insti-
tute of Standards and Technology (NIST) similar to that
in Comparison I was deemed necessary to serve the inter-
national industrial community. At first, the intention was
to use the same set of filters for all four laboratories.
However, the logistics made it desirable to introduce a
second set of filters for the NIST-VNIIOFI interchange.
The measurement.sequences wouldbe NIST-NRC-NIST-
INM-NIST, and NIST-VNIIOFI-NIST. NIST supplied
two sets of absorbing filters of seven per-set.’ NIST mea-
sured the nonuniformity of the filters before and after
the measurements of INM, NRC, and VNIIOFI. Each
laboratory illuminated a 15-mm diameter spot on the filters
except VNIIOFI, which used a 10-mm .diamcter spot.
NIST examined these filters for a difference in transmit-
tance using a 15-mm spot and a 10-mm spot.

INSTRUMENTATION

All four reference spectrophotometers *7 used in this in-

tercomparison are well characterized with estimates of

systematic and statistical uncertainties. Their important
features are given in Table I. A number of features are
common to the measurement systems: they all use re-
flecting optics to eliminate interreflections between the
optics and the sample, and to collimate the radiation inci-
dent on the sample to minimize obliquity effects. System
linearity is measured, and corrections are made. System-
atic uncertainties are either negligible by instrumental de-
sign or are made small by numerical corrections. The
common sources of systematic uncertainty are beam dis-
placement and defocusing effects, interreflections, oblig-
uity, polarization, linearity, wavelength bias, and stray
light. A treatment of the uncertainty analysis following
current international statistical practice may be found in
Ref. 4.

The instruments are automated so that it is straightfor-
ward to repeat measurements and to evaluate statistical
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uncertainties. INM and VNITOFI reported their total un-
certainties, which were put on a 3o basis (Uy, in Tables
II and IV, respectively). The uncertainties, Uy, in Tables
11-1V for NIST and Table 111 for NRC, are the combina-
tion in quadrature of an upper bound for the systematic
uncertainty, AT, (30), and the statistical uncertainty ex-
pressed as three times the standard deviation of the mean,
3ATg:

U = [(AT,)? + BATRH'2, 1)

where

n 1/2
ATy = {2 (r; = PHn(n = 1)}
i=1

Here 7;is the measured transmittance, 7 the mean of the set
of measurements,.and # is the number of measurements in
the set. Sample-induced errors were evaluated for the
specimens.

RESULTS

The results of the intercomparisons are shown in Tables
II-IV. The wavelengths A chosen for the laboratory com-
parison, are the same that NIST normally uses for the
MAP service. An estimate of the uncertainty, Ugyge, is
given for each specific filter. It is the addition in quadrature
of the observed change in the filter and nonuniformity of
the filter (3¢ estimates). Each individual filter change was
estimated from the first and second NIST measurements,
It was estimated that each laboratory could position the
filters to 1-mm accuracy using their normal procedure.
For the NIST instrument, some of the types of errors that
can contribute to this 1-mm uncertainty arc as follows:

(2) The alignment laser and the tungsten lamp used
for the measurement do not follow the same path. It is
estimated they can differ by an angle of 0.004 radian.
Since the limiting aperture and the filter are separated by
50 mm, this can cause an uncertainty of 0.2 mm.

(b) The alignment laser spot in the sample compartment
is over 2 mm in diameter with a fuzzy edge, causing an-
other 0.2 mm uncertainty.

(¢) The position of the filter in its holder is uncertain
by 0.3 mm.

(d) The device for measuring uniformity itself has a
position uncertainty of 0.2 mm.

If all of the above act in the same direction, a conserva-
tive 3 estimate-is 0.9 mm, rounded to 1.0 mm. Therefore
nonuniformity was estimated for a 2-mm displacement
from the center position at 548.5 nm for the MAP filters.
This is a conservative 3¢ estimate that assumes NIST had
a placement error of 1 mm in one direction, and the
particular laboratery had a 1 mm placement error in the
opposite direction. 2-mm displacements of the filters were
made in four directions—up, down, left, and right, with
all movement perpendicular to the light beam. The dis-

placement that gave the largest change in transmittance

from the center position was chosen as the displacement
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TABLE |. Instrument characteristics.

Diameter of

the illumi- Wave-
Band- nating Colli- Colli- High- length
pass area Temp. mating  mation Monochro- order Detection accuracy Amplifi-
Lab {nm) (mm) (°C) ‘Lamp optics (rad) mator rejection system (nm}) -cation
‘NIST 1.5 15 23 + 0.5 Tungsten Off-axis 0.00256 Grating Prism Averaging 0.04 de
T ribbon mirrors predisperser sphere and
: photomulitiplier
iNM 0.52 15 23 £ 0.5 Quartz Spherical <0.0017 Filter Filter Averaging 0.02 de
= hatogon mirrore - and ) ephere and
holographic photomultiplier
_ grating
NRC 1.5 15 23 £ 0.5 Quartz Spherical <0.0119 Grating- Prism Ground quartz 0.1 de
o halogen mirrors predispenser and silicon
photodiodes;
photomuitipliers
YNHOFI 24 10 23 = 1.0 Tungsten Spherical 0.009 Double- Fiiter Averaging 0.05 dc
ribbon mirrors grating -sphere and
photodiode
TABLE Il. Results of interchange with INM.
A NIST NIST NIST INM
(nm) 7 (before) 7 (after) ™ (ave) T Unigr Unm Usamgle Usoter AT
Filter 2-1 ) . )
53950 0.9157 0.9149 0.9163 0.9153 0.00017 0.00033 0.00045 0.0006 0.0000
542,50 0.9157 0.9149 0.9153 0.9152 0.00018 0.00036 0.00043 0.0006 —0:0001
548.50 0.9159 0.9150 0.9155 0.9153 0.00013 0.00030 0.00046 0.0006 —0.0002
554,50 0.9159 0.9152 0.9156 0.9154 0.00013 0.00033 0.00041 0.0005 -0.0002
557.50 0.9160 0.9162 0.9156 0.9155 0.00017 0.00030 0.00044 0.0006 —-0.0001
Filter 2-2 . )
539.50 0.6924 0.6923 0.6923 0.6922 0.00011 0.00033 0.00028 0.0004 -0.0001
542.50 0.6926 0.6926 0.6926 0.6926 0.00013 0.00024 0.00028 0.0004 0.0000
548.50 0.6928 0.6927 0.6927 0.6926 0.00013 0.00024 0.00028 0.0004 —0.0001
554.50 0.6924 0.6923 0.6923 0.6922 0.00012 0.00030 0.00028 0.0004 —0.0001
557.50 0.6918 0.6917 0.6918 0.6917 0.00014 0.00024 0.00028 0.0004 —0.0001
Filter 2-3 ) )
539.50 0.5182 0.5183 0.5182 0.5176 0.00010 0.00042 0.00014 0.0005 ~-0.0006
54250 0.5187 0.5188 0.5187 0.5182 0.00012 0.00033 0.00014 0.0004 —0.0005
748.50 0.5190 0.5190 0.5180 0.5184 0.00010 0:00057 0.00013 0.0006 —0.0006
354.50 0.5184 0.5185 0.5184 0.5178 0.00011 0.00048 0.00013 0.0005 -0.0006
367.850 0.5176 0.5177 0.5177 0.5170 0.00010 0.00021 0.00014 0.0003 -0.0007
Filter 2-4 ) )
539.50 0.2360 0.2361 0.2360 0.2362 0.00008 0.00039 0.00017 0.0004 0.0002
542.50 0.2367 0.2368 0.2368 0.2369 0.00009 0.00036 0.00016 0.0004 0.0001
548.50 0.2374 0.2375 0.2374 0.2375 0.00008 0.00048 0.00016 0.0005 0.0001
55450 0.2369 0.2370 0.2369 0.2371 0.00010 0.00042 0.00017 0.0005 0.0002
557.50 0.2361 0.2362 0.2362 0.2365 0.00008 0.00036 0.00017 0.0004 0.0003
Filter 2-5
539.50 0.09605 0.09606 0.09605 0.09597 0.000079 0.000039 0.000063 0.00011 ~0.00008
542.50 0.09653 0.09656 0.09654 0.09648 0.000072 0.000039 0.000065 0.00010 —0.00006
548.50 0.09701 0.09701 0.09701 0.09691 0.000075 0.000045 0.000062 0.00011 -0;00010
554.50 0.09666 0.09668 0.09667 0.09656 0.000083 0.000060 0.000063 0.00012 —0.00011
557,60 0.09613 0.09619 0.09616 0.09606 0.000074 0.000054 0.000069 0.00011 —0.00010
Filter 2-6
539.50 0.009145 0.009149 0.009147 0.009135 0.0000145  0.0000111 0.0000083  0.000020 —0.000012
54250 0.009191 0.009201 0.009196 0.009187 0.0000145 0.0000096  0.0000094  0.000020 -0.000009
548.50 0.009231 0.009237 0.009234 0.009222 0.0000145 0.0000108  0.0000086  0.000020 =0.000012
554.50 0.009186 0.009194 0.009190 0.009175 0.0000146 . 0.0000126  0.0000080  0.000021 —0.000015
557.50 0.009132 0.009144 0.009138 0.009122 0.0000150 0.0000144  0.0000099  0.000023 ~0.000016
Filter 2.7 o
539.50 0.0009263 0.0009265 0.0009264 0.0009272 0.00000216 0.00000720 0.00000211 0.0000078 0.0000008
54250 0.0009346 00009343  0.0009345 00009352  (Q.00000248 0.00000800 0.00000211  0.0000068 0.0000007
548,50 0.0009396  0.0009395 0.0009395 0.0008413  0.00000230 0.00000630 0.00000211 0.0000070 0.0000018
554,50 0.0009334 0.0009326  0.0009330  0.0009342  0.00000259 0.00000660 0.00000215 0.0000074 0.0000012
557.50 0.0009258 0.0009263 0.0009260 0.0009246  0.00000264 -0.00000860 0.00000213 0.0000102 —0.0000014
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TABLE lll. Results of interchange with NRC.

A NIST

NIST NIST NRC

(nm) 7 (before) 7 (after) 7 {ave) T Unist Unre Usample Usotar A7
Filter 2-1 ) )
539.50 0.9160 0.9167 0.9158 0.9159 0.00014 0.000486 0.00025 0.0005 0.0001
542.50 0.9160 0.9157 0.9159 0.9160 0.00020 0.00052 0.00027 0.0006 0.0001
548.50 0.9161 0.9159 0.9160 0.9161 0.00013 0.00052 0.00023 -0.0006 0.0001
554,50 0.9162 0.9159 0.9161 0.9161 0.00016 0.00047 0.00026 0.0006 0.0000
557.50 0.9163 0.9160 0.9162 0.9161 0.00019 0.00051 0.00028 0.0006 ~-0.0001
Filter 2-2 _ _
539.50° 0.6929 0.6924 0.6926 0.6927 0.00010 0.00037 0.00033 0.0005 0.0001
542.50 0.6932 0.6926 0.6929 0.6930 0.00016 0.00028 0.00036 0.0005 0.0001
548.50 0.6934 0.6928 0.6934 0.6932 0.00011 0.00031 0.00035 0.0005 0.0001
554.50 0.6930 0.6924 0.6927 0.6927 0.00013 0.00034 0.00037 0.0005 0.0000
657.50 0.6925 0.6918 0.6921 0.6921 0.00015 0.00031 0.00038 0.0005 -0.0000
Filter 2-3
53950 05185 0.5182 0.5183 0.5184 0.00010 0.00029 0.00017 -0.0004 0.0001
542.50 0.5190 0.5187 0.5188 0.5188 0.00012 0.00019 0.00018 0.0003 -0.0000
548.50 0.5194 0.5190 0:5192 0.56190 0.00011 0.00017 0.00021 0.0003 -0.0002
554.50 0.5188 0.5184 0.5186 0.5185 0.00014 0.00022 0.00020 0.0003 -0.0001
557.50 0.5180 0.5176 0.5178 0.5177 0.00011 0.00025 10.00020 0.0003 -0.0001
Filter 2-4 ) ) ) )
539.50 0.2365 0.2360 0.2362 0.2361 0.00012 0.00010 0.00032 0.0004 ~0.0001
542.50- 0.2372 0.2367 0.2369 0.2368 0.00010 0.00014 0.00026 0.0003 -0.0001
548.50 0.2378 0.2374 0.2376 0.2375 -0.00008 0.00010 0.00027 0.0003 —0.0001
554.50 0.2373 0.2369 0.2371 0.2370 0.00015 0.00012 0.00028 £.0003 —0.0001
557.50 0.2366 0.2361 0.2364 0.2362 0.00009 0.00010 0.00029 0.0003 -0.0002
Filter 2-5
539.50 0.09616 0.09605 0.09610 0.09602 0.000081 0.000115 0.000087 0.00017 ~0.00008
542.50 0.08670 0.09653 0.09661 0.09653 0.000079 0.000112 0.000108 0.00018 =U.00008
548.50  0.09711 0.09701 0.09706 0.09696 0.000079 0.000123 0.000083 0.00017 -0.00010
554.50 0.09682 0.09666 0.09674 0.09662 0.000085 0.000123 0.000102 0.00018 -0.00012
557.50 0.09633 0.09613 0.09623 0.09613 0.000075 0.000118 0.000122 0.00019 ~-0.00010
Filter 2-6 ,
639.560 0.009167 0.009145 0.009156 0.009147 0.0000150 0.0000210 0.0000140  0.000029 —0.000009
542.50 0.009219 0.009191 0.009205 0.009194 0.0000149  0.0000226  0.0000160  0.000031 -0.000011
548.50 0.009257 0.008231 0.009244 0.009233 0.0000147  0.0000209 0.0000155  0,000030 —0.000011
554.50 0.009219 0.009186 0.009202 0.009189 0.0000148  0.0000221 .0.0000182  0.000032 -0.000013
557.50 0.009167 0.009132 0.009150 0.009137 0.0000161  0.0000214  0.0000194  0.000033 —0.000013
Filter 2-7 ]
539.50 0.0009296 0.0009263 0.0009280  0.0009261  0.00000217 0.00000804 0.00000231 0.0000086 -0.0000019
542.50 0.0009378 0.0009346 0.0009362 0.0009334 0.00000226 0.00000901 0.00000227 0.0000096 —0.0000028
548.50 0.0009437  0.0009396 0.0009416  0.0009401  0.00000261 -0.00000547 .0.00000262 0.0000066 —0.0000015
554.50 0.0009384  0.0009334 -0.0009355  0.0009334 0.00000242 0.00000563 0.00000296 0.0000068 —0.0000025
557.50 0. 0009293 0.0009258 0.0009275  0.0009264 .0.00000281 0.00000564 0.0000068

which gave an upper bound for transmittance to the non-
uniformity estimate. Separate estimates were ‘made for

the 10-mm and 15-mm spot sizes. The spot sizes of the |

illuminating light are given in Table 1. The uncertainty
due to bandpass differences is negligible. The temperature

offert for neutral alacsec of thic tyne has been meacured

effect for neutral glasses of this type has been measured
by .other researchers for filters with transmittance of 0.1,
0.2, and 0.3.% According to them, an uncertainty of 0.5
°C in temperature causes an average change of transmit-

tance of approximately 0.000 03 at 546.1 nm. Because of

the spectral neutrality of the filters tested for temperature
effects and due to the fact that the filters used in this
comparisonwere measured on a plateau, a similar relative
uncertainty in transmittance is expected for the latter fil-
ters. In any case, for this comparison, changes due to
temperature variability will not change Uy, or U,y sig-
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0.00000238 —0.0000011

nificantly. Uy, is the square root of the quadrature sum
of UNIST7 Ulabi and 'Usampl;e:

Upgras = [Ukyst + Ul + .Uﬁample]“z. 2)

The difference Ar is the difference of transmittance mea-

eurements between the narticular laboratory and NIST

surements belween Lhe particular loporalory and Nis2,

At = 7y, — TyisT> Where Tysr iS the average of the NIST

measurements before and after 7,,. An analysis of vari-
ance was made for each set of differences according to
wavelength and filter. These analyses showed a depen-
dence of the transmittance difference on the filters (1
through 7) [F value = 33.7; P(>F) = 0} but not on wave-
length [F value = 3.07; P(>F) = 0.084]. A discussion of
the statistical methods used may be found in Ref. 9. The
averages over all wavelengths of the percent difference
plotted versus transmittance are shown for the three labo-
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TABLE IV. Results of interchange with VNIIOFI.

NIST

Y NIST NIST VNHOFI
7 (before) 7 (after) 7 (ave) T Unist Uvnior Usampte Uyotal AT
0.9151 0.9153 0.9152 0.9159 0.00018 0.00050 0.00023 0.0006 0.0007
0.9151 0.9162 0:9152 0.9159 0.00014 0.00050 0.00021 0.0006 0.0007
0.9153 0.9155 0.9154 0.9160 0.00020 0.00050 0.00024 0.0006 0.0006
0.9153 0.9155 0.9154 0.9161 0.00010 0.00050 0.00023 0.0006 0.0007
0.9154 0.9156 0.9165 0.9162 0.00010 0.00050 0.00022 0.0006 0.0007
r3-2 ) )
50 +0.6913 0.6914 0.6914 0.6926 0.00012 0.00050 0.00061 0.0008 0.0012
0.6916 0.6918 0.6917 0.6929 0.00014 0.00050 0.00061 0.0008 0.0012
0.6918 0.6919 0.6919 0.6929 0.00014 0.00050 0.00061 0.0008 0.0010
0.6914 0.6915 0.6914 0.6923 0.00009 0.00050 0.00061 0.0008 0.0009
0.6909 0.6910 0.6809 0.6919 0.00009 0.00050 0.00061 0.0008 0.0010
Fiter 3-3 _ _
539:50 0.5183 0.5185 0.5184 0.5188 0.00010 0.00052 0.00033 0.0006 0.0004
50 0.5188 0.5120 0.5189 0.5192 0.00009 0.00052 0.00033 0.0006 0.0003
50 0.5191 0.5192 0.5192 0.5192 0.00012 0.00052 .0.00033 0.0006 0.0000
0 0.5184 0.5187 0.5185 0.5184 0.00008 0.00052 0.00034 0.0006 —0.0001
50 0.5177 0.5179 0.5178 0.5176 0.00009 0.00052 0.00034 0.0006 —-0.0002
Filter 3-4 ) )
9,50 0.2367 0.2368 0.2368 0.2374 0.00008 0.00024 0.00028 0.0004 0.0006
542.50 0.2375 0.2375 0.2375 0.2879 0.00008 0.00024 0.00027 0.0004 0.0004
548.50 0.2381 0.2382 0.2382 0.2383 0.00008 0.00024 0.00027 0.0004 0.0001
354.50 0.2376 0.2377 0.2077 0.2076 0.00008 0.00024 0.00020 0.0004 ~0.0001
557.50 0.2369 0.2370 0.2369 0.2367 0.00007 0.00024 0.00028 0.0004 —0.0002
“Filter 3-5 ) )
539.50 0.09572 0.09581 0.09576 0.09611 0.000075 0.000192 0.000095 0.00023 0.00035
54250 0.09620 0.09629 0.09625 0.09654 0.000073 0.000193 0.000096 0.00023 0.00030
548.50 0.09665 0.09674 0.09670 0.09684 0.000081 0.000194 0.000087 0.00023 0.00016
554.50 0.09632 0.09643 0.09637 0.09636 0.000074 0.000193 0.000100 0.00023 —0.00001
557.50 0.09583 0.09593 0.09588 0.09585 0.000074 - 0.000192 0.000099 0.00023 —0.00003
Filter 3-6 :
539.50 0.009469 0.000470 0.009470 0.008454 0.0000143  0.0000284  0.0000321  0.000045 —-0.000016
542,50 0.009517 0.009521 0.009518 0.008502 0.0000142  0.0000285 0.0000321 0.000045 -0.000017
:548.50 0.009552 0.008560 0.009556 0.0089527 0.0000150 0.0000286  0.0000323  0.000046 —0.000029
:654.50 0.009508 0.009517 0.009513 0.009494 0.0000165  0.0000285  0.0000324  0.000046 —0.000020
557.50 0.009456 0.009460 0.008458 0.009440 0.0000146  0.0000283  0.0000322  0.000045 -0.000018
Filter 3-7 v
539.50 0.0009349  0.0009372  0.0009360  0.0009332  0.00000218 0.00000467 0.00000412 0.0000066  —0.0000028
54250 0.0009418  0.0009444 '0.0009431 .0.0009401 0.00000243 0.00000470 0.00000417 0.0000067 - 0.0000030
548.50 0.0009464  0.0009510  0.0009487  0.0009448  0.00000242 0.00000472 0.00000460 0.0000070  —0.0000039
554.50 0.0009408 0.0009440 0.0009424  0.0009392  0.00000243 0.00000470 0.00000428 0.0000068  —0.0000032
657.50 0.0009336 0.00.0935_9 0.0009347 0.0009321 0.00000276 0.00000466 0.00000413 0.0000068 © —0.0000026
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FIG.1. Percentdifference between INM and NIST versus
transmittance (optical) density.

FIG.2. Percentdifference between NRC and NIST versus
transmittance (optical) density.
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FIG. 3. Percent difference between VNIIOFI and NIST
versus transmittance (optical) density.

ratories in Figs. 1-3. It may also be seen that in almost all
cases this difference is smaller than the total uncertainty,
Uygrar- To illustrate this, Uy, as a percentage of transmit-
tance is shown by the error bars. The transmittance differ-
ences between laboratories are larger than expected for
filters 2-3 (INM) and 3-1 and 2(VNIIOFI}. The differences
for these filters remain unexplained. Thus the differences
between the laboratories, although real, are so small as
to be of no practical significance. The major role of Ug,pge
is seen in Fig. 4, where the average over wavelength of
the fractional contribution of Ugnpier Usample/(Unist +
Uy + Ugmpie)s is plotted versus transmittance for the
INM, NRC, and VNIIOFI.

1.0+
0.8+

0.6+ @

04 8 °
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FIG. 4. Usampie/{Unist + Uiap + Usampie) for INM, NRC, and
VNIIOF!t versus transmittance (optical} density.

40

CONCLUSIONS

This comparison demonstrates the state of the art for
transmittance measurements since the measurements
were made with the four instruments built and maintained
by national standards laboratories. The small measured
disagreement between the four laboratories indicates a
good abjlity to measure transmittance uniformly. Our
analysis of the intercomparison leads to the following con-
clusions:

(a) The measured transmittance differences between
the three laboratories and NIST generally were less than
the uncertainty of the comparison, U,z INM and NRC
tend to measure lower values than NIST, while YNIIOFI
tends to be higher for high transmittances and lower for
low transmittances.

(b) The relative sample uncertainty Uy, is a signifi-
cant factor to the total relative uncertainty U,y for most
of the filters studied (see Fig. 4). The fractional contribu-
tion of .Usnmplen Usample/ (UN_IST + Ulab + Usamplé)! is 20% or
more except in a few cases.

(c) The results of this comparison indicate that aging
of the filters produced no significant difference between
Comparison Il results over Comparisan I results. Perhaps
the use of other types of filters would be useful for this
type of comparison.
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